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(54)Titlc: ORGANIC ELECTROLUMINESCENT DEVICE 



(57) Abstract 

An organic EL device wherein a particular coumarin derivative is incorporated into a luminescent layer and a particular 
tetraaryldiamine derivative is incorporated into a hole implanting and/or transporting layer. Further, a particular coumarin derivative, a 
particular quinacridone compound, or a particular styryl compound is incorporated into a mixed-layer type luminescent layer. By providing 
two or more luminescent layers including a mixed-layer type luminescent layer, incorporating two or more dopants, and effecting light 
emission from two or more luminescent species, an organic EL device which gives high-luminance light emission, enables continuous light 
emission, and has high reliability is realized. Further, multi-color light emission becomes possible. 
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#FI¥8 - 1 2 6 0 Of 07x-^7> h 7t>^, #§B¥8-1 

2 9 6 9§ or h57U-;uxx>s§*##t>iiHf ^ns. 

V^. d^i:-5^^^©^^t*StfSi7T'J>^^#:<7)^ft«0. 0 1-1 
OwtX, SfclcttO. l~5wtXTfeSZ<»:^*LVi. h*t»fcffl*^t>1t- 

So 

lwtXELLTte, 1. 5wtX&±6wtXaTT.ttfc»£T*> 

m^&te, 8-*/ 'jy-;KcADy>^^>7;^jus^^e^Lfct>o. ^ 
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$108 6 3 - 2 6 4 6 9 2f. $#$¥3-2 5 5 1 9 0^, tfPI¥ 5 - 7 0 7 3 3 
#IS¥5 - 2 5 8 8 5 9^, #^¥6 - 2 1 5 8 7 4 f tSl:?li$nTlr^ 

jiftWKte, *f, hjx 7;p*-#a, fx (8- + 

;'J/7h) T^*^?A, fX (^>7 { f } - 8-*/ U/7h) ffigj, f 
X (2-^^-8- + ;U/7h) 7;^->?myH, MJX (8-*y 
'jy^M Ov^A/ MJX (5-^^-8- + /'J/7h) 7JRr-)A, 
8 -*/D y 9 MJ^A, h'JX (5-7DD-8- + /'J;7h) #»J?A. 

(5-^OD-8- + ;U/7h) #;1/>"7A, 5, 7-y7DJ|/-8- + 
/ »J y 7 h7JU = n^A, h'JX (5, 7-y7'Dt-8-hFD + y*yj; 
7h) 7^5-^A, #»J [Stt (ID -fX (8-kKD + ->-5-+yU- 

ztc. 8 -^y u y-^^^t^o^^(D(a^ntocoS2fi:^^^-r5 7;i/5 

+ yjy^h) (7i77h) 7;u5-^a(iii)> fx (2 -y^;u- 8 -*y 
uy^h) (^-;uh-^7 1/7^ K) 7;u5^^a(iii), fx (2-y^;u-8- 
+/'j;7h) w^i/^M 7;us -^a(iii), fx (2-y5F-;u-8 
-^yjy^h) (^7-^1^1/7 h) 7;ua -^a(iii)> fx (2-x^;i/- 

8- + ;U/7h) (^h-7xZ^7x77 h) 7;pa^r7A(iii), fx (2 
-^fJl/-8- + 7'J/7h) W^-7x^7i77h) 7Jk5 -^A(III), 

fx (2-^^-8-^;u77h) (A7-7i-^7i;7h) 7;ws- 
^A(in), f x (2 -y^;u- 8 -^y u y 7 h) (2. 3-yWi;7 

h) 7;U5-^A(II1), fX (2-^fJl/-8-*7U/7h) (2, 6-5>* 

f^7i/7 h) 7;i/^-«7A(in), fx (2-y^;u-8-+y u h) (3. 
4-v*^;i/7xy 7 H 7ji^-£a(iiik fx (2-/^;u-8-^y >jy 

yh) (3. 5-y/Wi;7 h) 7;l^ A (II Ih fx (2-;WI/- 
8-*;U77h) (3, 5 -->*-terl-X*^;U7xy ^ h) 7;l/H -^A(III), 
fX (2-y^;U-8-^y'jy^h) (2, 6-y7x-^7x/7h) 7)V 
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£-£A(III>, £7 (2-^^-8-*;'J/7h) (2, 4, 6-hU7x 
-;i/7x/ 7 h) 7;P5-^A(1II), t'7 8 'J 7 7 M (2. 

3. 6-MJ^f^7x;7h) 7;i^n7A(III), h*7 (2-*^;P-8-* 
/Uy^K) (2, 3, 5, 6-fh7/Wi;7h) 7^5-^2.(111), 
£7 (2-^f^-8- + ;U;7h) (l-t7h7h) 7^= n7A(IIIh 
t'7 (2-^^-8-*/'j;7h) (2-7-7h7h) 7;U5 ->7A(III), 
fc'7 (2, 4-y^^-8-^;U;7h) (:*;|/ K - 7i-^7i; 5 M 
7;i^n££(IIIh fc:7 (2, 4-y^^-8- + yj;7l>) (/t 7 -7i 
-;i/7x/5H 7;i/= -^A(III), t*7 (2, 4-y^fJl/-8- + yj/7 
» (^-7i-^7i/7h) 7^Sx7A(Illh fc*7 (2, 4-v^^;i/ 
-8-^;U;7h) (3, 5-^fiP7i/7 h) T)V$-V&iUl). £7 
(2, 4-yW-8-^'j; 7 h) (3, 5 - V- ter I -73^7x7 7 
M 7;U5-^A(III), fc*7 (2-^^-4-I^-8-*/'j;7 h) </t 
7-^U75h) 7^5 x£ A (1 1 1), h*7 (2-7 3^-4-7 h*~>-8-* 
;'j;7h) (/^7-7x-;i/7i/7 h) 7;i^x7A(IIIh £7 (2-7? 1 
;U-5-'>7y-8- + y'jy^h) (*;H— 71^7?h) 7;i^X-7A (III). 
£7 (2-^^-6-h'J7;l/tD^fJl'-8- + ; i J/7h) (2-t7h 
7h) 7;U5-^7A(I1I)#^*5. 

Z<D\ZfiK £7 (2 -7^JU- 8 -*7 U 7 7 h) 7;i/= -OACIID- m ~^ 
*V-£7 (2-/f^-8- + ;U;7h) 7;W$-«7A(III), £7 (2, 4 
-^^-8-*;'J/7h) 7;U5X»7A(III)-/z-#*7-£7 (2,4 
-y^^-8- + /U/7h) 7;US-'7A(III), £7 (4 -x^- 2-7 
f;H8- + ;iJ7 7h) 7;W5-»7A(III)-^-^y-t:7. (4-x^;W- 
2-/^-8-^r/ l j;7h) 7;U5x7A(IIIh h*X (2-7tMU-4-7 
h*~>*/ U^7h) 7^5X-7A(III)-/z-^^V-fX (2 - 73^-4 - 
7 h*->*/ U/7h) 7^5~»7A(III). £7 (5-y7/-2-/^-8 

-*/u;7h) 7;u^x»7A(iii)-xi-^^v-e7s (5 -->7/- 2 -73 1 

^- 8-47 'J/7h) 7;UHxr7A(IIIh £7 (2 -73^- 5 - h U 
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5 - hj 7;u^-D/5 1 ;u- s-^yjy? h)7;i/5=<7A<iii>ST*oT 

^©B^©*7 hMtLKl 1#58¥8 - 1 2 6 0 0-^{ClSm©7x^;i/7 
>h7-fe>R»^'^IB¥8 - 1 2 9 6 ^twiBttWx h 57 'J-;UXx>»* 

7i-il/7>h7t>«I#«, TIBit: (V) T*3tt*fc<&T&5. 
5£ (V) 

A'-L'-A 2 (V) 
j£ (V) H43^T, A'fcitfA'tt, &**;7x~fr7>bV)\>&2i1Zl*z? 
7i-^7>h 'j;H£**U CltlfcteE— TfcftfcfcfcOT&oTfc.fc^. 

*£LTte, 7 JUKI'S. 7U-;US> 7;H3*->3£, 7 «J 75/ 

■5^«»S©fliiftttlltt4#tlE«$n^^^ 7>h7t>SWj:<, 7>h 

£tt*7xX;WS0££&fitt7>h7^>SR0 9{^ 1 OfitSSIiWJ 

5£ (V) KfcHT, L'te$M&££fcte7'J--U>S£ST. L'T&Sh^ 

k'7i-l/>l, 7> h 'J U>SH(DS^(D7 , J-l/>SWto. 2flftV>L*n 
^±©7'J-U>S**iS»igeUfc ! b©^tfe>n5. L'tlTtt, 
p-7x'l/>I. 4. 4' -t'7x-l/>SW s !if^t^ 

L'TS;*ttS7«J— U>Ste. 2i^tiLfnW±©7U-l/>S^ 
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j£ (VI) K&t^T, Ar', A r 2 &ekt£A r 3 te, ^§M£S£^U £ 
n £ « |W1 -T t> mtt 5 t> & o T & £ U . 

g&S£*-f £J§£a>g&g<hLTH:, 7;u*;u£, 7'J-jus> 7;un*->g, 

7x-;ps, 7;M^7xx;pg\ 7J^^y7i-;n. 7U-;i/7xzjH, 
7U-p^>7x-;i/S. 75y7iz;n, b*7x-;us, i-y^)vm. 7> 

u;n, eD-u;us, eu vjug&^^f ens. 
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Dfl-f;i/ifctt3ffid7 5 >^f>IS«Sn52-6ffi. ftC:2~4{ffi©&gT 

5£ (V) , (VI) ©<b^«tt*©lft^i* ; *K:J:oT«^(ll2ltt*5^ttjE?L» 
S;(i)co^ x"j >S&^sm>*58ftJI£UT.tt,±gB©*A htmtia^fc 

1II^H5S(I)«^7U >B§»#©£*r:ltt» 0. 0 1-2 Owl*, $S£«0. 
1-1 5wtXtT.S^«!:* s ff*U^. 

TU>R*#££©«fc3fc«£JiK:£#£i«::££«fc0* +r 'J7K:ftLT£ 

£4, ^IH©iE?LaA$l3il^ffl©^^^i;^m^A^3il^ffl©<l:^© 

N , N* (- 3-/^l/7i^) -N, N' -/7i-iH4, 

4' -y'75 7 t'7i^, N, N ' - t'7 (- 3 - k*7i-^) — N, N" - 
v7x-;U-4, 4' -y'75 7 k'7i-Jk N. N ' ( - 4 - t - 75P 
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JU7x~;U) - N, N ' -x7x-JU-l. 1' -t'7xZ^-4, 4* -yj 
= >. N, N, N' , N' -xh7^ (- 3 - t*7x-;U) -1, 1' -t*7 
x-;i/-4, 4' ->7$>, N, N' -f>*7x-;U-N, N' - (-4' 
- (N-3 (^5 L JU7x-;P) -N-7x-;U) 7 5 y h*7 x - JU- 4 - < ;u) 
^>-7~7>&<h\ &IPJB8 6 3 - 295695 4fHfi¥5 - 2 3 4 6 8 1^. E 
P0650955A1 7-43564 *t) mzmm<D{t£® ifimi 

*>n> &^Tt>5£ (II) Ofh77U-Jk>7= >if LU. $&. ^ 

TaAHi&1±fc£^<hLTte, 2 Elites -^/u/-;^^ 

L^<Afj§g#£8E&^<!;-r3&/IS$t&> #1;: h U X ( 8 U > '7 h) 7^5 
99-99/1, $ £ fCte 2 0 / 8 0 ~ 8 0 / 2 0 . ftiZtt 3 0/7 0-7 0/ 

3 ommttez><k?\z?z>zttffti£v^o fztzb. m^iz&tt sun 

\Z ct o T « Z\ (Dfflmtg w* 

n^^rpm^^/c^siim^^ffl^, je?l tm^msft&g^i^L 
£$i£L£t#, n?omm®mtfiEiionm®mizit^2fezM7i2>bo. & 

Kte5~6 Onnu #C:te5~5 0 nro£T£ £ L^. 
fc*5, ±tZ<D£oUl%'&miZ&^T\$, SC (I) ©^-7>J>K#fl:©SA\ « 
(III) K>fl:fc*b$fcttS (IV) ©7f'JJ^7S>{l:^^H-A 
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« (III) KotATra-rst. (III) R 2 ,*Sj;i;R S 2tt**J!R^. 7 
jftSStbT^TfeiK /^S, x^;US> 7°Dt:^S, 

ttfc*.O£&tti^4 0»»T*0, 0T*5:d:«U^ t, u#2£(l 
T&3<t#, »»r*Ra3RI±, R 2 4^±te5^lCil&£LT3S£^EfcUT ! b«fc<:> 

a (III) CD+^-^U-K>{k^*©*#«*«TtjKl". H#WttTIEa (III 
a) <DR ? ,l£0M£i*T*UT^5. M«©*^>1?>5!ICtt 1 -tt- 
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111-11 -CH 3 -CH 3 2,3-iHte. 

111-12 H H 2,3-Ste 
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cft&6fc£«tta*D(D£Ss, mx\mmm^m2 821529^, mw,2 8 

2 1 5 3 0f, m% 2844484 [s)^ 284448 5 iot^T 



a (IV) MUTRWTftt, it (IV) 4 , ."R.itt**K : P*3ttt7. , J-;Pa 
£*T. R3.T*£n*7U-;i/a^LTttilfta£^T*fe0T*oTt>«fc<, 

Mj;PiS*am*tf&n. M^s<tbT«7»j-;u7^ys, 7U-;u7$/7U 
©.ts-fc*^ (iv) T^$ns-fk^*^e)»i3»$*i*-'iiii©aira±*«» ^ens 

R 32 , R34Tl$n§7^-JH<hbt(j:TO^tt5t)©T^oTfeJ; 
R.«tt7'J— ;U75 7 S*fc.te7'J-JU7 a J 7'J-;l/S£3cU ItlbCtt 




WO 98/08360 



PCT/JP97/02869 



35 

5£ (IV) 0X^*)fr%7$><t&W<DMftM£UTlz.^to 
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ZtlbMtG&lt'&tiKDjjfc. Mx.lt h U 7x~;U7 5 >mm&&Vf i t t i 

Tfc«fcH. feftHfc, HRWtCte, W»£ft*»K£&*-r57^ «4^'tt*WE£ 

->*7 5 d Oct -5 fcli + CiUl I) ©7 h 5 7 U -ik>7 5 

* T * ( 1 1 ) CD t- h 7 7 U - ;U v 7 = > K £ 0f ffl T # 5 IE?L a A «fc tf/ * 

^c«^iittc7)lffla)ifc-8-tl<i:bT«, &I»0B6 3 - 2 9 5 6 9 5#£$B, 

2 - 1 9 1 6 9 4^«, #i¥3 - 7 9 2 ^SB^KBEmSftT^S&aWttS 

s^rutsc (id ©xh^tu-^vts >^#^i3ig^$ 
ni*^<ffl^sc:t7&?Tt5^, *^©ttfl-t«koTtt»3tici»ttr*jE?La 

Alftjil^iE?L«l3i®tC, jg^Jgtffl^fciEJLaAttiitt^^SrfflUSwt^ 
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IE?LaAlft^M*]EaaAMiiEIL(ftMJl<k{c^ttTl9;Ji1-S«^tt, IE?L& 
dCDit. MS UXh'^tOy^: I TO*) **$-f *>ft#.x> 
AH, 563ttJilCttLTiaii3IJi&ia:»t*Ci:^ff*LK *fc»ffi*ffitcti* 

£t#T-#£fcJ£K IE7LaA«fc<^><l:#7 L >*>^;^/jN$<. olftSStKJR 

ttTfc«fcl>. m^&AISiS/Iklte, HJ7, (8-*/'J/5M 7Jl/S-^Ai 

U>«»#*fcffll>a llttfTSS. m?&A$S&j£Stefgftl£*te£t>©T& 
oTfc«k<> CO,fc5^tth 'J* (8- + y U h) 7;P5-£A*£& 

m^aA^ii^m^aAiim^Mitn^ttT^i-rs^fi, m^a 
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Z\(DM^(0)Vy V ><Dtii%m\tt(\ I) ©f h 77 U -Jk>7 5 >H§£&^£D7f# 
MH2&7 5 >£>0. 1~2 Owt* Lli. d CDck ? &JP:7* U > H 

^UTIt EP065095A1 (tt^SI^ 7 - 4 3 5 6 4 *f ) ^£<Dfei££# 

(8-*/ 'jy ^ h) 7^a-^7AO<±:-5^m^aA^iitt^^^^^WrsS 
4><DM£^£7f#&H$7S>0cfce>&j^ 

*<DftWi5.&lz?<bTZfV]ETL&\frib h 0 7s (8 - + y U => Y) 7)1$ -V 

mt&®£Ki<b&<, n?&AtiEft&\\ztti,T%feMt£®T*&tL\mmz 

fc&;i<i:##£Lt>. BftOffSttl 0-10 0 OnngStTS^i^ffSHrs. 
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ZtOfiKZls^. S#«tCtt, flIAtf, I TO UXh-yiftOy^) . 
I ZO (3Efi K-ygSib-f >v«?A) . Sn0 2 , Ni. Au. Pt, Pd, >* 

~3 0Q/cDi^fc«10Q/cDi ! ^T (SfitO. l~10Q/ci ! ) ©ITO (ff 
^•1 0-30 Oni) tfmtfbtlZo Hl&lCte, ITOM#Iti^iIt©^(D 

■5 k i took*. ^sfttwu/T^fttfi^. asfcx^ywo.fc^ft 
mmzTmwtzmzm^zm'Sizte. muzTK^nzmmmftzmz 

Um (A max 4 9 0 - 5 5 0 nm) , W (A max 4 4 0 ~ 4 9 0 nm) , # ( A max 
5 8 0~6 6 Onm) ©^^HS^t^Tf. #(CAmax 4 8 0 ~ 6 4 0 nmtf)fg 

Z.(Dt$(D&. ffe©C I EfijMWtt, #£L<ttSifTCRT©S*l6£«h 

isi«S!^±*fcttNT s c&m<D&wmtm*$-v&ti\f&^, 

7*n>tt»©iMJ£«BM-7, SR-l&i^ffl^TjB!JllT^5. 

*^BJ{c43lj-^»SLV>Amax , CIEfig»x> yfflOfSJttt. ^7^- 
7>f ;U^-^m^m7^JU^-JK^t*^tt5^<h{C«J:c.Tt#Tt)ct^o 
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h*T*3ttt»0*^5 6 Oni£)U:0ife*0)ft*«fctf 4 8 Omn^Ttf) 
iSSO^T* 0 , W?>i§£ 4 9 0 nn£U:0>«fi<WC& Q . 5 8 0 nmJW 

TCD^gO^-e^S. dO^-Sfc*^-?^* — CIE 

5~2 o MBis^trn«ctii. 

ax^1i<D*i£4 9 0~5 5 Onnu 4 4 0 ~ 4 8 0 nnu #©i^5 8 0~ 

6 4 OnmT&O, Amaxtfifi©7s^7 MHO^fiUl^Vi-f nw^^'lCb 10-10 
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*-s?jw»jfc*«, «xsTown**ig*ttir>ck"5 7&:**»sasii'rn««k<, 

7sl\y$, CVD) lia^TMt5:t^T^5 0 
7*;U7 7X#»SfcttttAtta# 0. 1 wmJ^T (9ft. TEMteO. 0 0 1 u 

£^©«s^E£K< ufcttfttffts&<fco, m^oa 

*2&*©*#fcmfcl8Jfc$nft^j&«, 10 _3 Pa (10 _5 Torr) KT©X'2ft 
£U &*9£tt0. 0 0 1 ~ 1 nm/sec femtTZZtliW A 
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bf>3-K TJvZf. *tXM) , 7>^a7^Dyi 7 h (LB) m 

r U 7<B«i«?&gfl!)JfcJ&* 1/10-10/1. Jff $ L < tt 1 / 6 ~ 6 / I . £9 
L < I* 1 / 2 ~ 2 / 1 -e£3f§7fcJlT&&. 
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nmzte, mm • m^g^i • ^-)vmmamv<D^y u 7$g ^tuj 

iOI^^-U^Jkt + t >J 7«i£i'l4JI<D4^ 'J 7i&i£tl U T^ffij^ • 

^m/*-)\smm&m/%ytm/m?mm&m/mm<Dffimz&^T. 
z\ (d m& * - frmm&m & e> sift m ^ © * - ;u k *ft « w s £ m^nsni/i ^ 

65g^tJi^<D« : ?fC^r*»fi**#Hr»Np'bU<tt, *#JCifi^fl[ «0. 2 V) 
'J7©Plfi (>0. 2eV) «3t««*«it*^r. ttft 
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S SIC. ^JI^ST^*^ U 7«5MttlTO+r U 7 
»ftJBrtT©#** U7»»ffi*MS-r*d < !:T±IHOJ:o^#3UE^:«^i:R« 

m^b^W • ft{k¥mz£fe{tbteVtittue>tt\,>. 

&\z¥£ytm\z> nf-o&A - *-;kz>&a • last m&%. ftytt&a<o 
«fc o u%itmm&rb±i&?z>t%ftmmz%fiiM\zm < & o . mm \zmz.u 
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tuxit. m^mm±, msmtzn£iommmizmtf$ntzjEiL®mftv>%%: 
m&&zs/i£jztemmt\zmiznfznTmm&<D%ftmx& o , ^mfaitzm 

tem^aA$§i;i£&{b£$i££**;* httntLxm^tzboxhz. 
#nz. z\(D^oumz^h^mmELm^\z^n^^tmm\z'Duxwt^'t 

2mt-f%£> lEHMfr'o&.A'&tlfzIEll (*-;U) ttg^li^IIL^ 
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%2m^ n?mfr$&.\2ntzn?\*m&%2m$:M®Lt&£%im^tmts 
c © d: o tiTgrn \m&m & 3 m ^±t- & o r & m ®-c & % . 

fcfc'U K-/t> h^i- 'J 7 h 7 *j ~f£ ItKio, h^y<£^££# 

E?LII2itt©lfl)H-^»LUMOi|lttK:*5(r>T«Watfn, I?L«l3ltt* 
iii) «^KIi2ltt©56^«e:fi^563i£Hioa^-&K:^^T, flUfcWPJi 
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ii) . iii) tCOI^Tfct Itie>©i^t. &3Mi£ftbK&^Tfgftl£ 3 

®^isjtT5/9 5~9 5 / 5 (DmmvtjifrfribmRznz. jEjuzAmmft 
*&. *%Bj-e«. *x httnnmmz®. a sdiicj; ot^t urffoitt 

Z\<D£?U£&%ft\zMfoLtc%ftmoimmzK><Dm-i!l$S^l 0 Onnu £ 
£fC«l 0-8 OnmT&£;i<!:rtW£L<. %^ii0^tfjl$« 6 0 - 4 0 Onm 
T&Sd^TW-fcL^. fcfc, li^fc0©i$«5-l 0 Onm, £€>k: 
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$n5^7'j>i$^ £ (no T^^n^+^-^u KWt^fe, ^ (vn r-fik 
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E-7-2 p-b'7x->J^ p-t'7izU^ . -(3~©~ 

E-7-3 m-k'7x-'JJl/ m-k*7i-'J^ ~0"0~ 

E-7-4 O-0^>- -<>OhQ- -O-O- 

NPh 2 X' >- 

E-7-6 Ph Ph -Q- 

E-7-7 p-t'7x-'j;U p-t'7i-U^ 

E-7-8 m-t'7x- UJU m-t'7xZ'j;i -Q- 

e-7-9 -O-o-Q- -O-o-Q- -£> 

E-7-10 -Q-NPhg -Q_NPh 2 
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(E-8) 

E-8-1 Ph Ph 



E-8-9 



E-8-2 p-t:7x-»JJU p-t'7i-'J^ -0"0" 

E-8-3 m-fc'7x-UJU m-f7i-'JJP "O^O" 

E-8-4 "O-O-Q- -£}-ohQ- -Q-Q- 

E-8-5 -Q-NPh 2 -^-NPh 2 "0"0~ 

E-8-6 Ph Ph 

E-8-7 p-tf7x^l'j;U p-t*7x-'J^ 

E-8-8 m-f7x^'j;U m-t*7x-'JJU 



-o- 

E-8-10 -Q-nph 2 -^-NPh 2 
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(E-9) 

<1>I39 Oj40 *Ut 0 142 

E-9--1 Ph Ph Ph Ph 

E-9-2 Ph Ph H h 

E-9-3 p-t'7x-'j;U p-t'7i-'J^ Ph Ph 

E-9-4 p-t*7x->JJU p-t*7x-'j;U H H 

E-9-5 m-t*7x-'j;U m-k*7x-'j;i/ Ph Ph 

E-9-6 m-t'7x-'J^ m-fcf7x-'J;U H H 

E-9-7 "O-OhQ -O-O-O Ph Ph 



E _ 9 . 10 -Q-o-Q -Q-o-^ H H 

E-9-11 Ph Ph -Q-NPh 2 

E-9-12 Ph Ph -f\ 0 J~\ -f\- 0 -fi 



•NPh, 




(E-10) 
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jjmiz-o^Tbmmtmur&z, 
*%wommELm?te. \&m.mmm<DELm^tLxm^^n^. 

nmm 

J»£ 1 0 Onm© I TOm*mW> (SI®) 5ft5^7Xl^, + 7 

j*U UV:*y>ife#^ mm : 8iW.V>&&*)V?-\zm%.VT, lxi(r 6 torr 

#I^T\ 4, 4', 4" - HJX (-N- (- 3 )V73L-)V) -N-7 

i-^75/) MJ7xZJl/7=> .(MTDATA) &II1K 2 nm/sec T 5 

W^^ttll- 1 0 20N, N' -y7x^-N, N ' -t:X- (-4* - 
(N — (m-t*7x^) -N-7i^) 75 / t'71-^-4 ^> 
->*v>£, &*a*2iiii/secT2 0 nm©JH3 Kj&*U jETLKaiJItLfc. 

&^t% mmt&m i - 2 o 1 1 mjx (8 u y ? m 7;usx?a (a 

1Q3) £S£JtT2 : 1 0 0©Jfc^T% 5 0 nm©J?£ tC^U 585t*tL/fc. 
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y^h) TJlS.-V&ZMmmmo . 2nm/secTl 0nm©J9$K:5K3FLfc. 

SSK, MJE#Sg£&ofc££, MgAg (MSJtlO : 1) £^»gg0. 
2nm/sec T2 0 0nn©JM£3!MfUTB«£ U §i!tlTA 1 ft 1 0 Onm 

C©EL*^JC*EftEPilPLT««Efta£bfc<!:^6, 14V - 80 OmA/cm 2 
T1 0 3 8 0 0cd/m 2 ©i&fe (fSft€B*&g Amax= 5 2 5nm, fe^J^x = 0. 

2 8y = 0. 6 8) ©fgft#?tfg£n, :o»3tlie*7;W>»HfttTl 0 

Um(D*mmtel 0mA/cm 2 ©£mflitS&SI)T8 9 ORtPp 1 ] (Mil 2 8 8cd/m 2 , 
K»mEE±#l. 5 V) , Wmn&S 0 0cd/m 2 Tte4 5 0 0B#fflTfcofc. 
(^J£^J2) 

0 2<D^^O{30)J^t^tlII- 1 0 1 ©N, N' -y7i- JU-N, N' - fc'T. 
- (4 ' - (N, N-tfX (m-k'7x-^) 75;k'7i^-4-f^) * 

C©EL^{C«JEftMUT«8Stft^Ufc<hC5, 1 4V • 7 5 3mA/cm 2 
T1 0 0 4 8 Ocd/m 2 ©&£ Anax = 5 2 5nn. fe£jffi®x = 0.' 

3 1y = 0. 6 6) ©£fta««B3n, i©*>6tt<eJiS*»B« I t , T? 1 o 0 0 

0mA/cm 2 CD^mOT»I"e6 8 0 &f W ( 1 4 3 3cd/m 2 , ggiimffi 
±#1 . 5 V) «Q»W&3 0 0cd/m 2 Tte4 0 0 OBWCfcoifc. 

H«m£H«K:*«f1s»Lfc. fc£U W«fls6«I-2 0 1 

©ttfc> 0 KWSflS^tt I - 2 0 3 fcffl^fc. 

£©EL*^lC*EE*WllflLT«Sfc£ffiUfcfc::3. 1 3V • 5 5 3mA/cm 2 
T6 9 5 0 0cd/m 2 ©*i£ A max = 5 1 5nra, fiSiix=0. 2 

6y = 0. 6 6) <D%ytt)mm2tl> :0TO^M^T"1OOOO 
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0mA/cm 2 <o^msitiK»iT6 o omm (107 8cd/m 2 , mmnj£±.¥t 

1.5 V) ®mm8Z3 0 0cd/m 2 T«4 0 0 0 B#Pp1T&o 
(H«J4) 

^WJl tlWUHtCPfH^ff^Lfc. &£U fgft/HC, ^J^fb^ I - 2 0 1 
©ftfr 0 iZMTKitafyl 1 -2 0 2 Hfc. 

Zl<Z)ELm^(cmiE^Pn»DLTm^^ML/c<i:C5, 14V- 7 5 3mA/cm 2 
T7 1 7 0 Ocd/m 2 ^^ (^S^ciSS Amax= 5 1 5nnL £ftj££Sx = 0. 2 
9y = 0. 6 4) <D5£ft1)m&2tl. Z<D%mt1&m&m%®$.tpT' 1 0 0 0 0 

<D*#mtl 0mA/cm 2 O^m^®lT*8 0 0 NfPhI (9 9 8cd/nr, igib«JE-h# 
1. 5 V) #J$j$ft3 0 Ocd/m 2 T&5 0 0 OlSMT&ofc. 

mmm 1 traaetcss^fefiLfc. fc£u fgftsic, ^j^t^ 1-201 

©ftt)0 tdfll^fc'&'ft I - 1 0 3 

Z.(DELm z ?\zm!£$:%llMLTmWi%mLtztZ?>. 1 6 V • 9 8 OmA/cm 2 
T6 1 4 0 Ocd/m 2 <Z)i®fe (fgft@*i&§ Amax = 5 1 Onm, 6ftj£«x = 0. 2 
3y = 0. 6 3) (DftytAWmZ'tl* iO*^tttt»Ji*»B«4»Tl 0 0 0 0 

<B¥»8lttl 0mA/ciD 2 ©£miftiKi!FT'3 0 0 0P#W (7 3 Ocd/m 2 , 5K»mEE± 

#8. o v) ®mmm3 o ocd/m 2 T«i o o o ommrfrotz, 

(H»J6) 

©«toDlCffi|*ft: < &* I - 1 0 4*fflV»/t. 

^©EL^^tmffi^EnUOLTmfiii^gSLfcchC^, 12 V, 6 2 5mA/cm 2 
T4 0 3 0 Ocd/m'Oj&fe ' (5B^*^tt*A«ax = 5 0 0 ml feftH^x = 0. 
2 3y = 0. 5 8) ©«3tjfl««B*tl. i©563ttt<£i»S*»H»^T 1 0 0 0 

ft®*»*mi OnA/ci^^matKKiTS 0 omm (6 8 Ocd/m 2 . SgKjmJE± 
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#2. 5 V) WmmmS 0 Ocd/m 2 T&4 0 0 OWMfcofc. 
(Jtttfll 1 > 

*««ltHttKl*f^Bl/fc. fc£U IE?L®2tJIlC, -W^t^II- 1 
0 2<Dftfc>9K:N, N* -h'T. (-3-/^71^) — N, N ' -/7iZ 
;i>-4, 4' -y7$;t'7x^ (TPD0 0 1) fcffl^fc. 

£<0EL*¥fc*E£ftiDLT*8S£ffiLfc<!:J:3, 13V - 5 1 8mA/cm 2 
T? 7 1 7 0 0 cd/m 2 Oi&fe (563tS*ftS A max= 5 2 5 nm, x = 0 . 2 

9y=0. 6 6) CD»**««B*tl, eOMlMmiI4>tl 0 0 0 0 
^r^±$)IL/t^ft, 3WS0¥«»lttl OmA/cm 2 (7)^mOT»iT6 o«rW (1 
2 8 1cd/m 2 , SE»«J£±#1. 5 V) 3 0 0 cd/m 2 T« 8 0 0 B»MT* 

<Jttt«2> 

0 2<&ftfc>9K:N, N' -k'7 (-3-b'7x-JW -N, N ' -x"7x~;U- 
4, 4 ' - i?T^/ t:7x-;U (TPD 0 0 6) fcfflUfc. 

£©EL*^K*BE£WJDUT«ffi£fllUfc£;:3, 14V - 5 3 2mA/cm 2 
T8100 Ocd/m 2 £>ifife (fgft@;*;&:K Amax = 5 2 5nnu fi|tJS«x = 0. 3 
2y = 0. 6 5) O^AVBdn, COM^ifi^T'l.O 0 0 0 
iW^JlLTl^. mm<D¥ffim* l OmA/cm 2 <D£moitSg»JT6 8^fM (1 
7 3 0cd/m 2 , SE»jmi£±#2. 0 V) 3 0 0 cd/m 2 Tte 8 0 0 mmr$> 

Ofto 

0 2(D{t^OiCN. N' -\L7s (- 3 - t -7*fA7z^) -N. N ' -77 
x-;U-l, 1' - t'7x-;i/-4, 4' -^75> (TPD 0 0 8) fcffl^fc. 

L*¥K*ffi£ftiOLT«ift*«ELfc£;:*K 1 3 V • 5 0 8mA/cm 2 
T 7 9 3 0 0 cd/m 2 <7)^fe (563fclI*:Kfi A max= 5 2 5 nm. fe^Jl^ x = 0 . 3 
Oy = 0. 6 6) ©5S3t*«WB*n, d <&3Sfttt$fc*SS*£H»4 , T 1 0 0 0 0 
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7 4 9 cd/m 2 . IK»«flE±# 1.4V) ft)£UB& 3 0 O cd/n'Ttt 5 0 0 IBfFpIT^ 
<Jfc««4> 

0 2©ttfc>DK:N, N, N' , N* -fhm (-m- M 7x - JU) - 1, l ' 
- t'7x^- 4 , 4* -y75> (TPD 0 0 5) £ffl^7c. 

^©EL*^lC«E*filJnLT«»£*«£Ufci:J15, 14V- 6 4 3mA/cm 2 
T 1 0 2 7 0 0cd/m 2 £>&fi (563tfi*«Eft Amax= 5 2 5 nnu fi£Mfx = 0. 
28y = 0. 6 8) OWl^n. H ©»ttttttiifi*gHft*T 1 0 0 0 
OI*MEU:&Jfe.LTV»fc. 1 0mA/cin 2 ©£iizMfirt: 1 1 5l5ffl 

(1 8 4 2cd/m 2 > JKft«ffi±'# 1 . 8 V) OTffg3 0 0cd/m 2 T'tt 1 6 0 Oil 

<JttSe0iJ5> 

O2 0ftt)O{:N, N ' -y7i-^-N, N ' -fc**- (-4' - (N — (3 
-y^7x-;l/) -N-7I-JW 75;t'7x-^-4-f^) ^>f/v> 
(TPDO 1 7) 

Cl©EL* : f»C«JEftHJiIDl/T«fliE*aEL/fci:^5» 14V- 71 5mA/cm 2 
T7 5 6 0 Ocd/VO&fi Amax= 5 2 5nm, feME*X:=0. 3 

2y = 0. 6 6) ©383tt3^«B*n. ^©f63tttft*SS*»Hft4»*T? 1 0 0 0 0 
NfWiU±*3tLTVifc.fl[«Oi|£«»Ittl 0mA/cm 2 ©£m9it!SBSfrT l 9 7P#W<1 

1 5 6cd/m 2 > IE»imffi±#2. 3 V) Wg3 0 0cd/m 2 Tte2 0 0 6B#WT 

<JtWJ6) 

$tt0y i tra*k:*^tf^«bfc. rctzL^ytm iz m*<t 1-201©^ 
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Z<DELm¥lzW£&$ltnlsTnffi&mis1ZtZ.*>* 1 6 V • 8 4 OmA/cm- 
T? 6 0 0 0 0 cd/m 2 ©Mifcfi A max= 5 4 0 nm, fe^Jl^ x = 0 . 

3 7y = o. 6 0) (Dftmmmzn. £<&seft«£jftss&£H£i4 , Ti o o o 

0B*IBH2U:££LT^&. **0**»ltt 1 0 mh/cn 2 (Dj£mffim®T" 1 0 0^ 
(8 0 0 cd/m 2 , JSgl&mj£±JI 3 . 2 V) 3 0 0 cd/m 2 Tte 5 0 0 BflUJT 

&±.<Dmmmi~6* jt«« 1 - 6 el ^0^14^**1, 2 cist 
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±E»IIJ:0^(I)O^TU>SSI#^(II)<0fh77g-;i/y75>8i 

^7^S«±tC*7-7-f ;i/^-K**±A>MHCR - 2 0 0 0 Sffl^TJfc 

AS F&lLuinogen F Red 300£ 2 wt%»ML1t *>©£ffl V>TMi L^-? LT 5 u 
miZMf&L.Z <b\ZZ<D±\Z*-/i-3- K€*±A> M3CT- 1 *ffl^T!fe 
1^-7 LT 1 junJ*£JgJ*l,fc. dO±fC, J?£ 1 0 Onm© I TO^XA'y * 

aufc. • 

±8E©*7-7^;P^-*tfttt5 8 0nm&T©«g©3fc£;&'y hf Sfc©T& 
0, ^feM3t«»l*r»ttf6^a*»[SAinaxd*6 3 0nmT*O, AmaxttiS©*^ 

ClG>EL*^^aEE*BPJDLTa8l*StLfci:^5, 1 5 V • 6 1 5 mA/cm 2 
T9 0 0 0cd/m 2 ©^fe (5B3ta*ttft Amax= 6 0 0 nm, figl^x = 0. 6 0 

y = o. 3 8) (Dftytifimmzti. z\<D%yt\m&&m%w%*T* 1 o o o om 
nmmnz&^T. jEimzm 1 1 - 1 o2t;^i/>t^i o 

1 (Slit) Tffll^ ^^KlJiO^iSt-SK^ttHafcl/TX^tfpaLfc. 

£©EL*^KiajE£EPi»LT«ffi£ifeLfc-£C:5, 14V- 75 OmA/cm 2 
T7 9 8 0 0cd/m 2 ©i&fe (fgft@*&:B A max= 5 2 5nm, 5 5 5nm> -fe^M^ 
x = 0. 3 8y = 0. 5 7) ©5B3te*««B$n. ^©SfiJtJittjfta^Ha+T 
1 0 0 0 0l*MeU:5fcJELTV*fc. WS©*»ffittl 0iVcB 2 ©j£«8Sa»T7 
0 Ofl^ (117 3cd/m 2 . SE®jmBE±#2. 5 V) , £)J|RJ|ft.3 0 0cd/m 2 Ttt 
4 5 0 0«fWTf»ofc. 

<*is«9> 

UltWllCiJ^T; lETLfiEAISSItt^D^i: LTN, N. N' , N' 



WO 98/08360 



348 



PCT/JP97/02869 



-fh7*X (-ra-t'7i-;W -1, 1 ' -t'7x-;U-4, 4' - y7 5 

> (tpdoo 5) . nT&xmm&it&yitisTbi)* (8-*yu/^h) 

TJU^r^A (A1Q3) fc&4Jfl^, g£^C^j&&0. 5mn/secTs£irU 
^n<h|WI^»3finj^^ 1-10 3 &&*S£fflO. 0 0 7nm/secTlj5f LT4 

onmomsmtisTmf&Ltc. m&m\z&^T> tpdoos :aiq3 -.m 

m<t&® 1 - 1 0 3 = 5 0 : 5 0 : 0. 7 (JRJPJt) T&5„ ^(Dtefriznmm 
1 tmmzLTmTZftMLtZo ££L, MTDATA&m^tzlEll&Affimm 
«5 0nm^> TPDO 0 5 £ffl^fciE?L$&j£Jl« 1 OnmJP, AlQ3i&ffl^I 

z:<7)EL^^^I|m€:EPtDLTm?Jit^SliUfe<i:C:5> 1 8 V • 6 0 OmA/cm 2 
T5 4 0 0 0cd/m 2 Oiife (fg^*^ Amax= 5 1 Onm, fijgffi^x = 0. 3 

o y = o. 6 0) to&ytifimzn* z<Dmytte%.®&mmmn.*Tioooo 

l5MEU:5fcJ£LTV>fc. ®£<7>¥M#itel OnA/c« 2 <0£«ifcSKI!j-e6 0 0 Ottffl 
(10 3 Ocd/m 2 , IK»jmEE±#2. 0 V) , *08B«g 3 0 0 cd/m 2 Ttt 2 0 0 0 

(HiS60tJ 10) 

HWJlfCiS^T. IE?L&A1£4 0 niJPlCJBfiJcL. JETL^iUfli STPDO 0 
5 ch;i/7l^> (7 wt«) ££fflfcvr2 OnnfflCJBfiKU d©±Cfe3tJi&lltt« 9 
iz^milTPD 0 0 5 £A 1 Q 3 t^H^fc^* I - 1 0 3 t SrfflUT^fiJcTS S 

Z<DELm?\Z&EE*W1X\LTnm&mLtz£Z?>* 1 2 V • 6 5 OmA/cin 2 
T 6 7 6 0 0 cd/m 2 <£>i® (563tffi^:ftfi A max = 5 1 0 nm, 5 5 0 nnu fifiEJffiS 
x = 0. 3 8y = 0. 5 6) 0fgft#StS3£ft, CO^^^^iHi^+T' 

1 0 0 0 OP#IW£Jl±55c£LTV>fc. mm<D¥®Mtel 0mA/cm 2 <7)£mMS!j'e6 
5 0 OEM (9 0 Ocd/m 2 . igifjUEEiill 2 . 0 V) , *JJ$$Jg 3 0 0 cd/m 2 T« 

2 5 0 0 0l^fBl7?*ofc. 
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mmm id 

0 2, «-?ttA»2ltt<k^4iltLThU^ + h) 7;U5 ~ ^ A ( A 

1Q3) BtfNgKttiSftO. 5nn/secT&*U *-ft£RP$£0j 

1-201 fe«*i$«3»0. 0 1 5nn/secT&*LT4 OuJVOft^JI 
LTJBfifcLJt. S^S t*3^T. mmt&mi- 1 0 2 : A 1 Q 3 : W^it^ 
*I-2 0 1 = 5 0 : 5 0 : 1. 5 (mmit) T?**. ^(DtefrteMffiW 1 tm 
m\Zbxm^^^ULtz a fctzL, MTDATAZm^fzIE1l&.\mmmte5 On 

ii - 1 o 2&m^tciETLmmmtei onm. a i q 3 ^m^tzm^xmrn 

Z.(DEL%T\zmE£.&WlJn[sTQffi$:mLfztZ?>. 13V- 7 5 O.iA/ci 1 
T9 8 0 0 0cd/m 2 Oifi (565ta*»S A max= 5 2 5 nnu ftSJS«x = 0. 2 
9y = 0. 6 7) C««^i^T1 0 0 0 0 

mmsx±£feVT^rc. mm<o^mm\ti 0mA/cDi 2 o^mM®jT4 o o omm 

(110 Ocd/m 2 , |g»jmi£±#2. 0 V) , m%mm 3 0 0cd/m 2 Ttel 8 0 0 
<H»J1 2) 

HJMllC&^T, IE?l&AJi£4 OnmJIUc^U IE?L*i5i£/f ^J^^I 
1-10 2 t;^l/>t^ffl^T2 0mm\ZMtitL*Z.<D±\Z%ytm&£it&M9t 

mmzmmik^wu- 1 o 2 tA 1 q.3 1-201 ££m>TjM 

C^ELm^tcmffi^MLTmSS^Sitb^iC^, 1 3 V • 9 0 OmA/cm 2 
T8 0 0 0 Oc6/n 2 <Dn&& (fgftM*&ft A max= 5 2 5 nm, 5 6 Onm, fe^M 
^x = 0. 40y = 0. 55) ©563t*««B*n, d^^^tt^S^H^* 
T'l 0 0 0 OP$rBJEU:£j£LTV>fc. »fiO¥«)flttl 0 !A/cm 2 <£>£miffli&T 
6 0 0 0 III] ( 1 0 5 0 cd/m 2 , gg»mEE±f?- 1 . 5 V) . WmMg. 3 0 0 cd/m 2 

•era: 2 5 o o omm-vb-otz, 

<*«Bm3). 
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<Slfcm4> 

9 . 1 013*3 ^T, Ww{fc-&* I - .1 0 3ftt>0 £, ^J^fb^IV- 1 
(H^J 15) 

I -1 (+t^UH» fcffl^THfcca^fcftMHU #££g^£<i:C:3. & 
<H fl6#J 16) 

HJSW11> 12l:*^T. -2 0 l<Pftfc>9K:, ^J^fb^IV 
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#^t\ 9-?t)>mm& (mmtsto i - 1 o 3) , )\,-jv> 

-22) £cfctfHJX (8- + /U/7M 7;U5X?A (A1Q3) (D^ftX 

<#%0J1> 

J?£ 1 0 Onmtf) I TOjgB/j^@ (figg) (1. 1 nnff) £. 

1 0- 6 Torr^TMEEbfc. 

&t^T, N.N'- y*7iZJH, N'-t'T. [N- 7 x ~ jU-N-4- h 'J )l (4-7$7 7x 
x;P) ] ^>vv> (HIM) £3l;tj£g2mn/secT5 OniOi? SfcSMIU IE 

N.y.N'-fh^x (-3- t*7xx;w -i-ou) ^>->*->*> (tpdo o 5) 

j&g 2 nm/secT 1 Onn©JPSt;:«*U JEft^iiB t bfc. 
SbCh'JX (8-+;U/7h) (A 1 Q3) <h*TU 

££a£jij£g2nin/sec<>:0. 0 2 ni/secT*3H» U * v U 1 . Ov 

$e>»3, «jE«iB*ftofc**. MgAg (iitkio: i) zmmmmo. 

2nm/secT2 0 0 nm<DJf £ \zMM LTM£ U {^ISlt LTA IS lOOni 
<##0J 2 > 

^■Tia^flliaoWttEL^Sffl^TjllJtLfcfcWTftS. 
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ffsiooMoiToaww (mm) tttztfyzmfa a. i m m) 

1 0- 6 Torr*TMJEt^o 

U'-y7xz;H,N'-t7 [N-7x"JhN-4-h'J^ (4-75 7 7x 
] ^>vv> (HIM) £8aHSflE2nii/secTl 5 nm<2J¥£ izMmt, IE 

OJ'J'-ff^- (-3-t'7x-JH^;W (TPD 0 0 5) 

^iPiiS2nm/secTl 5nm©J9££?&5ff U IE?lf$i£JI<i: Lfz. 
£<b\Z. TPD0 0 5th'J7 (8-+y'J/7h) 7*M (A 1 Q3) 
1 : 1 ttzZ£?\Z* fr-DK-JVy (WRft^ttl - 2 0) £2. 

^©d:^co^*jim«. NStCO. 0 5nm/sec. 0. 0 5nm/sec, 0. 0 0 0 2 
5 nm/sec £: bfc. 

&^T, «EEtt**ffiofc*i, l^aA^^ltLT, MJX (8- * 
/'J/7h) 7;i/5- r 7A (A 1 Q 3) Zmm&m 0 . 2nn/secT5 5nnitf>JP£ 

$61:. «JE«Ji*«ofc*S» MgAg (MfcfclO : 1) ^IfjlgO. 
2nm/sec-e2 0 Onm©JP£{C&lF LT»fli<t U MiiLtA 1 £1 0 Onin 
^»b*r$EL3f^£*§£. 

<#%#<I3> 

MJ7, (8-^7 'jy-7 h) 7;i/S-«7A (A 1 Q3) (D%%7,^ HM04 
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el 

m% 1 0 QnnO I TOmwmm (MS) fc*rr5#7*»fi (l. lnnJ9) 

x l (r 6 torr£T'MJELfc. 

4, 4* , 4" -MJX (-N- (-3->5 1 ;U7x-;i/) -N-7 
x~;l/75 7 ) hU7x-;PTa> (MTDATA) £as*ji£-2nin/secT?4 0 

N, N, N ' N ' -fh7 + 7 (- 3 - t*7x-;U- 1 ^>vv> (T 

PDO 0 5) &*ME2nii/secTl 5nm<£>J¥£(C^3iU jE?U«i2!Jl£ Lfc. 

fc. 

SfcK. MEtfag££o£:££> MgAg (MSJtl 0:1) fcaUti&gO. 
2nm/secT2 0 0 nmtf)J3£ izmMLXmmt U ^iitlTA 1 £ 1 0 Onm 
&*UEL*^£#fc. 

m4frt>t>frZ&o\Z. MJX (8- */U;7h) 7;i^X«7A (A 1 Q 3) 
&5 4 0nm#ifilC^?te8^&S^WT-&. flft*^ hfrO^mfrl* 1 1 0 nmT 

$> O /"do 

<*i6m-7> 

USlO OnDKDITOS^iS (MS) £*T5#7 7g1£ (1. 1 mmj?) £. 
*ttSfc8t 7-teh>, x*y*-ji,£ffl^Tjg^&BfcfrU at»x*/-;i/4»a>6 

5l€T±tfTS;»U UV* 3R*S«OSS*JUy-»cH3£LT. IX 
1 0- B Torr^T*^I£tfco 

N,N'-y7xZJH,N'-t'X [N-7xXJU-N-4-h (4-75 7 7x 
x;U) ] ^>yy> (H I M) ZMmmm 2 nm/secT 5 0nmCDJ?£ IcHfcU IE 
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N.N.N'.N' -5*1*7**- (-3-k*7x-Jhl-<^) (TPD0 0.5) 

£SlC, TPD 0 0 5 ih>J7 (8-+V'jy7h) 7;US-^A (A1Q3) 
£:£#ftJt#l : Uft5<t^:« fr-D )\,-?U> (M^itS® 1-22) & 2 . 
5 vol %^tr<J; -5 II 2 0 nmtf)J¥£ U il£JI* -f 1 CD§g#JI <h L fc. 
Z\(Dt£<DMM&&itMlZO. 0 5nm/sec, 0. 0 5nm/sec, 0. 0 0 2 5 ni 
/sect Istce 

TPD 0 0 5<!:AlQ3t^Wl : ltttZ&vlZ. rtO^V'J 
>mUW(DM7jkit^ 1-10 3*1. Ovol%^tfcfc5 K: 2 0 nm<£>|? £ IZ&MM 
U ®£S^7<0SS2©fEtt«<S:Lfc. C©t*flpH#a*tt«H 0 . 0 5 nm 
/sec, 0. 0 5nin/sec, 0. 0 0 1 nm/sec£ L£„ 

*HT, «£Etttt£«->£*£, m^SAJSMfSftltLT, MX (8- * 
/U/7h) 7;i/5-^A (A 1 Q3) £^«j$gO. 2nm/secT5 Onm0Jft£ 

\zmmistz. 

»JBEtt«8*«o^**, MgAg (figjfcl 0 : 1) $^*jggO. 
2nm/secT2 0 0 nm<DM£\zMMLTf£fi&£. L, {SHJIibTA 1 Sri 0 Onm 

Z\<D&mELm¥lZMEE&$imi>Tnm*ffibtztZ.Z, 10V- SOnA/cm* 
T5 0 0 0cd/m 2 <7)|t^fe (%^@^zSSAmax= 5 6 Onm, 5 0 Onm, fegli 
x = 0. 39y = 0. 5 5) 0>f83WS!g£tt, ^©58^ttKi»7;P=f>»Hft 

4»ti o o oRfiaiK±jc«i>T^&. m#m#%yeB<o&m&£zf 

mmi 0 0 0cd/m\ ttAMKMftjEE 7 . 2 V, gg!ttmJE±# 3 . 0 V) T'&vtz. 

# (5 1 Onm) /;U7k> (5 6 Onm) teO. 6 5T*ofc. fgftT^? 
hJKD^Mrti (*^ctr-^©3i«©#^©^©rti) fct 1 2 0 nmT£> 0 , ?T'J> 
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<Jt««7> 

7\Z&l*T. TPDOO ■5 0iE?Ltt3ll-t»rtL.fc©'&, A 1 Q 3 t 
)l7U>t2^V >tZ&M%mmo . lnm/sec. 0. 0 0 2 5nm/sec, 0. 0 
0 lnm/secT*yS*U )IZ?U>&2. 5volX, £T'J>«*fl:£l. Ovol% 
^tr* J Plft2Ht0565tJi*4 OnnJPfcJBJSfcU ^©&A 1 Q 3 <7)m^£Af!ii§JI 
£5 Onii»K:W"r*a^ttPI*K:LT*«EL*^€#fc. 

^t»^-5 0 CCD,h#tf)C/RteOT&D> SSft*'^ h;UO^fi|rti«7 OnmTfc 

<Jfctt« 8 > 

it««7 IC&V^T, h*m£A 1 Q 3©^t)0lCTPD 0 0 5 t 

£©£#<BC/Rra:OT&0, S83fc*^* HI/<BNMttrtJte7 OmnT* 
<tk««9> 

nmmniz&^T, tpdo o sojEnm&mzM&Ltcvz. A.iQ3t 

;U^U>^=&^iiSO. lnm/sec. 0. 0 0 2 5 nm/secT&^lr U ;U7*U> 
£2. 5volX^tr*^«l2ltt©§gttJl£2 0 MiJSfcUBfifcL, $^l::©±t:A l 
Q 3 ii77"J >gf&#£g-^3tilg?0. lnm/sec, 0. 0 0 1 nm/secT#&*U 

&A 1 Q3<0«iPftAtll2ll£5 0niffC^T«5S^«ra«llcLT^rttlEL* 
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<Jt«mO> 

Jt»W9lC43^T. 21§®&L<7)%ftm<D*sZ M*&£ 1 t> 13 T P D 0 0 5 £ L 
<tfc«fl 1 1 > 

*JMU 7fc*^T, TPDO 0 5©iEft*l2&l*#fifcUfc05, TPDOO 
5<!:;U:7l/>££&3affigftO. lnm/sec, 0. 0 0 2 5nm/secT#£*U 
k>*2. 5voIX^tHE?LliattO*3'lfiJi*2 Onn/P(C»ftU #^TA 1 Q3 
t^VJ >Ri*#:&«-£*rjiftO. 1 nm/sec, 0. 0 0 1 m/secX'^MM U £ 
7'J>SS»M1. OvolX^tf«^H3ltt©*3tJlt2 OnnJ»C»riEL, f©t 

zo^mELm^izm^mQLxmm^mLfztz^. 1 2v- 5 omA/cm 2 

T-4 5 0 Ocd/m 2 ©Hiftfe (f£7t®*i£:S A max= 5 6 0 nm, 5 1 0 nm, fe^Jg 
^x = 0. 4 2y = 0. 5 4) ft, dO«^tttt«l7;U^>#H 

■oitwzo nm<D¥mmi$i o^/crn'o^mmmmmwir 1 o o h r 

SlOOOcd/m 2 , $8IW»i«JE6. 5V, SgifrmEE±#3. OV) T&ofc. 

b\Z%ytLT^Z>ZttftlfrZ>o Z<Dm£<D%ytZ^2 MUifcC/RteO. 5T 
$>iti 0 £fc¥Mrtm8 Onure&ofc. 

<£iS#J 1 8 > 

^ttWl7tC*ViT. TPDOOSOlEJimmmZBf&LrzO'Z. TPDOO 
5 tA 1 Q3 t)W7U>%&m%T&&0. 0 5nm/sec, 0. 0 5 nm/sec, 0 . 0 
0 2 5n«/sec-e£&*U TPDO 0 5 : A 1 Q 3 *< 1 : 1 <hftg. ;^l/>^ 
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2. 5vol%^£ft5*g£!*<:/<Z>fg7fcJf £ 2 OnnffKUBfifcLfc. ^^TA 1 Q 
3 tf7-?V>mmft&&MMmmo. lnm/sec, 0. 0 0 lnm/secT&i&jiU 
#TU>B§i*#*l. Ovol%£tr«^*&i£tt0»*feJi£2 OnnJPlCJ&riSU 

1 Q3<Z>«^aA$&j£JI£5 OnaJPtC^-rse^ttPJ^lCLTWfllEL* 

Z.<D^mELm^lzni£&mQLTn,ffi$:ffiVtztZ?>, 1 2V ■ 50mA/cm 2 
T4 0 0 0cd/m 2 (Dlli(ife (5B3tS*»fi A max= 5 1 Onm, 5 6 Onm, 
x = 0. 4 2 y = 0 . 5 4) ©Bft**«B£n. I©M(M7;^'>l?ig 

fritz, mmo^mmtei omk/cn*<Diz*mmw}mwi'V4 oooohr mm 
nmi o o ocd/m 2 , ®mmwini£6. 9 v, sg»imffi±#3. ov) T*^fc. 

t>Kl563tl/T^*Cd:*«t)*»*. H GMS^aSBft*^ h;UJt C/Rtt 0 . 4 2 
T&^fc. *fc¥*flttl 3 OnnT&ofc. 
<^»J 1 9 > 

TPD 0 0 5 £A 1 Q 3©*«JtSTPD 0 0 5/A I Q3 = 7 5/2 5 

«k , 5.t"r5e^ttra*ic:bT*r«iEL* : P*»fc. 

i©*T«IEL*-?»cm£E$EPlniLT«aE*SllUfct^5. 12V- 50mA/cm 2 
T4 1 0 0cd/m 2 <D3ti®fi Amax= 5 1 Onm, 5 6 Onm, 

x =0. 3 2y = 0. 58) ©»3t*tiftSn, COfS3ttttt»7;W^>»B^ 
niOO OISIH£U:££LTV>&. 8B^W*f8)taEoai3S*J:^fi!cStt^<^ 
fr^fc. WftO#«»!ttl 0iA/cffl*<D£«iffiK»jKI!iT3 0 0 0 0 h r (3JEJJ8 
]5?£9 0 Ocd/V, IO»lffi»*fiE7. 2V. ig®>€)£±#2. 5V) T'g^fc. 

0 1 2. b)V^7F-t . 01 2«tf3, ^7iJ>»I#t;^U^t 

*>\Z&ytLT^Z.Z\tWt>frZ. Z.(Om&V>f£ytX^? bJHtC/Rte 1. 4T 
fcofc. Sfc^ttiHttl 2 OnmT&^fc. 31 £>«fc 5 Mm<0 it^ 

Zfrx. Z> z. t\z£ 0 ^1«J 1 7 <h ttftfc* C / R fttfft bilSutWS. 
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<mmm2o> 

TPDO 0 5tA 1 Q3O#*8tf:£TPD0 0 5 /A 1 Q 3 = 6 6 / 3 3 tt&Z> 

ZVfimELmTiznEEZmuLTnffiZMLJztZZ, 12V- 5 0mA/cm 2 
T3 5 0 0cd/m 2 <Z)3ti®ft (%ftM±&& Amax= 5 1 Onnu 5 6 0 nm, fe^^ 
x = 0. 3 4y=0. 57) <D%mm%Z2tl. Z <DftftU.ft&T )\>zi 

^ofc. S$m<£#M£flf3: 1 0iA/cm 2 ©ti^IlIUlr2 OOOOhr (Wm 
0S9OOcd/m 2 , SOlTOIfrmJE 7 . 3V. IKSjmffi±#2. 5V) Tfcofc. 

<%mm 2 1 > 

mmmi nz&^x, ^m*47omi&&xsm2Qnftm<D*7,httP t <D 

TPD0 0 5 i:Al Q 3 0&*tit£T P D 0 0 5/AlQ3 = 25/75<h&5 

&o\zT%&MtmmzvTGmELM¥*mzo 

Z\<DmmELmTlzmfe%muLT%ffi.&ffiLrz£Z?>. 12 V- 5 0mA/cm 2 
T4 2 0 0cd/m 2 <DH^fe Aniax= 5 1 Onm. 5 6 Onnu S^J^ 

x = o. 4 7y = o. 5 1) (Dftfttmmzti. z.<D%mmm7 >nmn 
nioo omffiU-t&feLx^tz* ®ftmmytm<Diii$i&&Mmte£<tz 
fr^>tzo mm<D¥&m$i onjA/cm^^mrMrasnri 5 0 0 oh r mm 

Um9 0 Ocd/m 2 , ^^^©J^EE 7 . 5V, mmni£±%2. 5V) X'h-otzo 

fcK?iftbTV>5C<h#b^5. ;:<Z)$£tf)fSftX^ Hl/JtC/RteO. 2 5 
T&otzo $.fz¥mfr\t8 0mT*$>-otzo Z<D£z>\Z> m^MO^x btm<D& 

mzfr7LZ>z.t\z&K>mffim 1 7 ttegtzzc/Rttfimzftzzttf 
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m * <d m m 



Tfc<fc^. R^itfRrte&^TkmfCi^ 7;i/+;i/S*fctt7U-^S$r^L, 
R s ^3J:^R6«#^7;U^>'USt/!:«7»J-;i/S^^L, R^Rs. Rs£R 6 £ 




(I) 




(Rl3)r 



0 



N 



(I I) 




/ 



N— Ar 4 
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[5£<II)«t«, Ari, Ar 2 , A r 3 :fcJ:tfA r 7 'J -;P&££L . Ar, 

H - A > h <h IT H —7* "b 5it*tf)tl5Bm 1 momWt E L f?!^. 
3. mm*Z httWfi*; U /±h&Jg&#T&3§t*OSgfflSg2igtf)W$E 

StcTs23; (I) t^ns^TU^ift, Tffilfc (III) T*sn5*ti"J 
K>fc£^£fcteTI25£ (IV) T^$tl57f 'J S Wb^S H-/1> b 



7>>;ws, iXT-Ju**fctt«*»s**L. cn^te 

R s i5ctr>'R fi «§^7;U^;US*^tt7 l J-;i/S$:^L, R.tRs. RsiR^ 
«fcrjCR.tRTtt#^a^JCje^LTl!IS:^bTt)«k^. ] 
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(R23)t 




(III) <K R2,4dJ;^R 22 «&^7K^0^ yjI/^r^SSfcfiTU-^S 



(^34)v 




(IV) R3,te*3lSirf £fcte7'J-JUS£3rf. R 32 43J;^R3.- 1 «7K^ 
otfeJ:^ R34«7U-;i'7^VS^fc«7 , J-;U7 = ^U-^gSrSU 
5. MI2jE?LaA^3l^k^^^#^HIK7S>T^0. Buffim^&A&M 
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6. WE3Sr#»6=ft7S>#, TI2j£ (II) T*S*l*f h77.'J-;^7S 




(II) 



N — Ar 4 

f 

[^(iDt. Ar„ Ar It ' Ar^,J:tfAr«tt#*7U-;H*lil. Ar, 

~a r «©3-&©4>fc< £t> law;. 2fi^±©^>-tf>ai*W'r*iB'&a!*fc' 

ttSM*£j&»5B»3tt*£at®7 U -;PgT£5. R . .fc «fctf R . 2«&* 7;u* 
£-*7'J-;US£^U r££tf sfct&*0££tel~5©g&T&£. ] 

fg5tc©$5sm i 6 ^©^Ttl^©W#E l o 

h£LTF-:/£nfcl*#©ttH$&l«, *S2£, m3E£fc«*7E©W«E 
9. ^©5t0tbL#J('^^--7^;U^-^J:^'/^fcttm7 , e^m7^>iI/^-5: 



Ar,-N 

Ar 2 
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at* eta izm&Ltzftj&oi&m® 1 8 £©^-rna>©w«E 

WIB2*«±O»^«*W#-7a!«3t»R|±0li^'fr, 
L < ttl£WJ©mT$Hj§tt©S§ttJI £©&£#"?& 5 W«8E L 

£^T5*g£/lT&3fit3£©fgffl$f§l 01©flELif. 

1 2. MIE2S«±(D^S^-r^TM^ST*-5ft^©«gfflmi 1 JE©*r« 
EL$f. 

13. itlsB 2 ■«±©563tJi©^ <t%im\Z H-A'- h# K~y$nfcif 

^©isfflSi oxg-m 2«©^-rn^©w^EL^^o 

1 4. MIB 2 /I.EU:©fgftJf ©T^TtC H-A- M*F-7'£n£§f*©S5ffl 

15. Siri2 2»Bt±©fB3tJi©|g^»tt*«i:v5Hft^0, I65tffi*«*^*ife 
*ffl©5B3tl$l»affl»cl9:^5«[*©l5EI» l 0 JI~£ 1 4^©^1*n^©W*£ 

16. MEK-/t>r-j&t, ^■7^«fe>##ft#-t-5fls^«T**lt*©ttHII 
1 3^-il 5«©^m^©3t«|EL5!l J f. 

1 7. B«l2H-/t>h^ TIS^ (I) T*^£n£?T<J >T&£lf;£©$igB 
fgl 3^~3§1 6JSOUfn^OtiEL$f. 
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TfccfcV^o R 4 ^ck^R7^^7|c^^, 7;Wl^£fcte7U-;i/g£^U 
R 5 £ e fctfR 6 Ti£*7;U*JUgS:£te7U-;Ug£^U R4<bRs. RstR 6 *5 
<ktXR 6 <i:R7«#'JrS^{Cii^LT5l<£^L,Tt«i;U. ] 
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